The Cucurbitaceae plant Momordica (M.) charantia L. (Japanese name "Tsurureishi") is cultivated as a vegetable in Asian countries. In Chinese, Indian Ayurvedic, and Indonesian Jamu traditional medicines, the fruit of this plant has been used as a bitter stomachic, a laxative, an antidiabetic, and an anthelmintic for children. Recently, the alcoholic extract from the fruit of M. charantia originated in Sri Lanka was reported to inhibit the increase of serum glucose in glucose-loaded rats.
but the constituents responsible for the inhibition of glucose absorption have not been identified. In the course of our studies on the bioactive constituents of medicinal foodstuffs, 1, 4) we have also characterized many triterpene glycosides from the fruit of M. charantia originated in Japan, Thailand, Indonesia, India, and Sri Lanka. In this paper, we present the isolation and structure elucidation of goyaglycosides-a (1), -b (2), -c (3), -d (4), -e (5), -f (6), -g (7), and -h (8) and goyasaponins I (9), II (10) , and III (11) from the fresh fruit of Japanese M. charantia, which is commonly called "nigauri" or "goya".
The cucurbitane-and oleanene-type triterpene glycosides of the fresh fruit of Japanese M. charantia were separated by the procedures shown in Chart 1. The methanolic extract obtained from the fresh fruit of M. charantia was partitioned into an ethyl acetate and a water mixture to give an ethyl acetate extract and an aqueous phase. The aqueous phase was extracted with 1-butanol to furnish a 1-butanol extract and an aqueous extract. The 1-butanol extract was subjected to normal-and reversed-phase silica gel column chromatography and finally HPLC to give goyaglycosides-a (1), -b (2), -c (3), -d (4), -e (5), -f (6), -g (7), and -h (8) , goyasaponins I (9), II (10) , and III (11), and momordicosides A 3a) (12), C 3b) (13), F 1 3c) (14), I 3c) (15), and K 3d) (16). Structures of Cucurbitane-Type Triterpene Glycosides (1-8) Goyaglycoside-a (1) was obtained as a white pow-der with negative optical rotation ([a] D 26 Ϫ101.4°). The IR spectrum of 1 showed strong absorption bands at 3423 and 1080 cm Ϫ1 suggestive of a glycosidic function. In the negative-and positive-ion FAB-MS of 1, quasimolecular ion peaks were observed at m/z 647 (MϪH)
Ϫ and m/z 649 (MϩH) ϩ and the molecular formula C 37 H 60 O 9 was determined by high-resolution MS measurement. Furthermore, fragment ion peaks of 1 were observed at m/z 617 (MϪ CH 3 O)
Ϫ and m/z 455 (MϪCH 3 OϪC 6 H 10 O 5 )
Ϫ . Acid hydrolysis of 1 with 5% aqueous sulfuric acid (H 2 SO 4 )-1,4-dioxane (1 : 1, v/v) furnished D-glucose, which was identified by GLC analysis of the thiazolidine derivative, 5) while enzymatic hydrolysis of 1 with naringinase furnished 19(R)-methoxy5b, 19-epoxycucurbita-6,23-diene-3b,25-diol (17) . 6) The 1 H-NMR and 13 C-NMR spectra of 1, which were assigned by various NMR experiments, 7) showed signals due to the aglycone moiety [ (dd, Jϭ3.6, 9.6 Hz, 5.92 (m, 23, 6.16 (dd, Jϭ2.0, 9.6 Hz, ] and a b-D-glucopyranosyl moiety [d 4.95 (d, Jϭ7.6 Hz, ]. The bonding position of the b-Dglucopyranosyl moiety in 1 was clarified by HMBC experiment, which showed a long-range correlation between the 1Ј-proton of the glucopyranosyl moiety and the 3-carbon of the aglycone moiety. Consequently, the structure of goyaglycoside-a was determined to be 19(R)-methoxy-5b,19-epoxycucurbita-6,23-diene-3b,25-diol 3-O-b-D-glucopyranoside (1). 8) Goyaglycoside-b (2), obtained as a white powder with negative optical rotation, liberated D-allose by acid hydrolysis, which was also identified by GLC analysis of the thiazolidine derivative.
5) The molecular formula C 37 H 60 O 9 of 2 was determined from quasimolecular ion peaks [m/z 647 (MϪH) Ϫ and 649 (MϩH) Goyaglycosides-c (3) and -d (4), obtained as a white powder with negative optical rotation, were found to have the same molecular formula, C 38 H 62 O 9 , which was determined from the quasimolecular ion peaks [m/z 661 (MϪH)
] in the negative-and positive-ion FAB-MS and by high-resolution MS measurement. Acid hydrolysis of 3 furnished D-glucose, while D-allose was obtained by acid hydrolysis of 4.
5) Enzymatic hydrolysis of 3 with naringinase furnished 19(R), 25-dimethoxy-5b,19-epoxycucurbita-6,23-dien-3b-ol (18 (d, Jϭ7.7 Hz)] and the 3-carbon. Consequently, the structures of goyaglycosides-c and -d were characterized as 19(R), 25-dimethoxy-5b,19-epoxycucurbita-6,23-dien-3b-ol 3-O-b-D-glucopyranoside (3) 8) and 19(R), (dd, Jϭ3.3, 9.9 Hz, 6.01 (d, Jϭ15.8 Hz, 6.18 (d, Jϭ9.9 Hz, ]. In the HMBC experiment of 5, long-range correlations were observed between the 1Ј-proton of the D-allopyranosyl moiety and the 3-carbon and between the 1Љ-proton of the D-glu-copyranosyl moiety and the 25-carbon. Consequently, the structure of goyaglycoside-e was determined as 25
Goyaglycoside-f (6) (dd-like, 7-H), 6.19 (d, Jϭ9.2 Hz, ]. The carbon and proton signals due to the tetracyclic carbon skeleton structure (C-1-21, C-28-30) of the aglycone moiety were superimposable on those of 5, whereas the signals due to the side chain structure (C-22-27) were similar to those of protojujubosides 9) having the 23-O-glycosyl-24-ene structure. The plane structure of the aglycone moiety in 6 was determined by a detailed HMBC experiment. Namely, long-range correlations were observed between the following protons and carbons: 19-H 2 and 5, 8, 9, 10-C; 21-H 3 and 17, 20, 22-C; 26, 27-H 3 and 24, 25-C; 28, 29-H 3 and 3, 4, 5-C; 18-H 3 and 12, 13, 14, 17-C; 30-H 3 and 8, 13, 14 , 15-C; 1Ј-H and 3-C; 1Љ-H and the 23-C (Fig. 1) . The stereostructure of the aglycone moiety was characterized by NOESY experiment, which were observed between the following protons and protons: 28-H 3 and 3-H, 30-H 3 ; 30-H 3 and 17-H; 19-H 2 and 8-H, 29-H 3 ; 8-H and 18-H 3 (Fig. 1) . Consequently, the structure of goyaglycoside-f was determined to be 23-O-b-D-allopyra- Table 1. 13 C-NMR Data for Goyaglycosides-a (1), -b (2), -c (3), -d (4), -e (5), -f (6), -g (7), and -h (8) and Goyagenin A (20) (Table 1 ) spectra 7) of 7 showed signals due to a goyaglycoside-b moiety [d 0.83, 0.91, 0.92, 1.44, 1.54, 1.60 (all s, 29, 18, 30, 28, 26, 27-H 3 6.15 (dd, Jϭ2.3, 9.9 Hz, ] together with an b-D-glucopyranosyl moiety [d 4.99 (1H, d, Jϭ7.9 Hz, ]. In the HMBC experiment of 7, a longrange correlation was observed between the 1Љ-proton of the glucopyranosyl moiety and the 25-carbon. Consequently, the structure of goyaglycoside-g was determined to be 25-O-b-Dglucopyranosyl-19(R)-methoxy-5b ,19-epoxycucurbita-6,23-diene-3b,25-diol 3-O-b-D-allopyranoside (7). 8) Goyaglycoside-h (8) [d 0.80, 0.88, 0.91, 1.06, 1.48, 1.63, 1.72 (all s, 30, 19, 28, 18, 29, 27, 26-H 3 1 H-and 13 C-NMR spectra were superimposable on those of a known cucurbitane-type triterpene saponin, momordicoside A (12), 3a) except for those around the 24-position. In the HMBC spectrum of 8, long-range correlations were observed between the following protons and carbons: Glc-1Ј-H and 3-C; Glc-1Љ-H and Glc-6Ј-C; 26-, 27-H 3 and 24-C. These findings and comparisons of the 1 H-and 13 C-NMR spectra of 8 with those of known momordicosides 3) led us to formulate the structure of 8 as 3,22,23,25-tetrahydroxycucurbit-5-ene-24-one 3-O-b-
In order to learn the absolute stereostructure of 8, the aglycone, goyagenin A (20) was treated with sodium borohydride (NaBH 4 ) to furnish 3b,22(S),23(R),24(R),25-pentahydroxycucurbit-5-ene (21) 3a) and its 24-diastereomar (22) as shown in Fig. 2 . On the basis of the evidence, goyaglycoside-h was determined to be 3b, Structures of Oleanene-Type Triterpene Saponins (9-11) Goyasaponin I (9) while methanolysis of 9 with 9% HCl-dry methanol liberated gypsogenin (23). 10) Alkaline hydrolysis of 9 with 5% aqueous NaOH provided goyaprosaponin (24).
By acid hydrolysis with 5% aqueous H 2 SO 4 -1,4-dioxane [d 5.18 (d, Jϭ7.6 Hz, Gal-1-H)] part. The disaccharide structure bonding to the 3-position of 24 was determined by HMBC experiment. Thus, long-range correlations were observed between the 1-proton of the glucuronic acid part and the 3-carbon of the gypsogenin part and between the 1-proton of the galactopyranosyl moiety and the 2-carbon of the glucuronic acid part. Based on this evidence, the structure of goyaprosaponin (24) Namely, long-range correlations were observed between the following protons and carbons [Fuc-1-H and 28-C; Rha-1-H and Fuc-2-C; Rha-1Ј-H and Fuc-3-C; Xyl-1-H and Rha-4-C]. Consequently, the structure of goyasaponin I has been elucidated as 28 (9) . Goyasaponin II (10), isolated as a white powder, furnished goyaprosaponin (24) Ϫ were observed in the negative-ion FAB-MS of 10. Acid hydrolysis of 10 with 5% aqueous H 2 SO 4 -1,4-dioxane (1 : . The oligoglycoside structure of 10 was characterized by a HMBC experiment, which showed long-range correlations between the following protons and carbons: GlcA-1-H and 3-C, Gal-1-H and GlcA-2-C, Fuc-1-H and 28-C, Rha-1-H and Fuc-2-C, Rha-1Ј-H and Fuc-3-C, Xyl-1-H and Rha-4-C, Xyl-1Ј-H and Xyl-3-C. The carbon signals in the 13 C-NMR spectrum of 10 were very similar to those of 9, except for the signals due to an additional xylopyranosyl moiety of 10. Consequently, goyasaponin II was determined to be 28
Goyasaponin III (11) 5) The 1 H-NMR (pyridine-d 5 ) and 13 C-NMR (Table 2 ) spectra 7) of 25 showed signals assignable to an oleanolic acid part [d 3.25 (dd, Jϭ4.0, 11.6 Hz, 3.29 (dd, Jϭ3.7, 13 .7 Hz, 18-H), 5.45 (br s, 12-H)], a b-D-glucopyranosiduronic acid part [d 5.27 (d, Jϭ7.3 Hz, GlcA-1-H)], a b-D-xylopyranosyl part [d 4.94 (d, Jϭ7.6 Hz, , and a b-D-glucopyranosyl part [d 5.15 (d, Jϭ7.6 Hz, ]. The triglycoside structure bonding to the 3-hydroxyl group of an oleanolic acid moiety in 11 was characterized by a HMBC experiment. Namely, long-range correlations were observed between the following protons and carbons: GlcA-1-H and 3-C; Xyl-1-H and GlcA-2-C; Glc-1-H and GlcA-4-C; GlcA-3-H and Ac-1-C.
The 1 H-NMR (pyridine-d 5 ) and 13 C-NMR (Table 2 ) spectra 7) of 11 showed signals assignable to an acetyl group [d 2.45 (3H, s, ] together with the desacyl-goyasaponin III moiety. Comparison of the 1 H-and 13 C-NMR data for 11 with those for 25 revealed an acylation shift around the 3-position of the D-glucopyranosiduronic acid moiety in the triglycoside part of 11. In the HMBC experiment of 11, a long-range correlation was observed between the 3-proton of the D-glucopyranosiduronic acid moiety and the acetyl carbonyl carbon. Consequently, the structure of goyasaponin III has been elucidated as oleanolic acid
Experimental
The instruments used to obtain physical data and the experimental conditions for chromatography were described previously. O (35 : 65, v/v) ] to give goyaglycosides-e (5, 37.2 mg, 0.00010%), -f (6, 32.0 mg, 0.00009%), and -h (8, 27 .7 mg, 0.00008%). v/v) ] to give goyaglycoside-g (7, 23.8 mg, 0.00006%) and momordicosides A (12, 473.2 mg, 0.0013%) and C (13, 59.3 mg, 0.00016%).
Fraction 5 (49.0 g) was subjected to reversed-phase silica gel column chromatography [900 g, MeOH-H 2 O (50 : 50→80 : 20, v/v)→MeOH] to give Fr. 5-1 (35.6 g), Fr. 5-2 (1.2 g), Fr. 5-3 (442.9 mg), Fr. 5-4 (2.4 g), Fr. 5-5 (2.5 g). Fraction 5-4 (327.3 mg) was purified by HPLC v/v) ] to give goyasaponins I (9, 37.4 mg, 0.00010%), II (10, 101.1 mg, 0.00027%). Fraction 5-5 (2.5 g) was separated by reversed-phase silica gel column chromatography v/v) → MeOH] and HPLC v/v) ] to give goyasaponin III (11, 32.6 mg, 0.00009%).
The 1.33 (6H each, all s, 18, 30, 26, 3.13 (1H, 3.22, 3.44 (3H each, both s, 25, 3.73 (1H, br s, 4.85 (1H, s, 4.95 (1H, d, Jϭ7.6 Hz, 5.55 (1H, d, Jϭ15.8 Hz, 5.65 (2H, m, 7, 6.17 (1H, dd, Jϭ1.7, 9.6 Hz, .
13 C-NMR (68 MHz, pyridine-d 5 ) dc: given in Table 1 . Negative-ion FAB-MS: m/z 661 (MϪH)
